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CHAPTER I 
INTRODUCTION 
For some time this laboratory has studied the preparation and modes 
of addition to substituted phenyl-and diphenyl butadienes of the type 
where R is a substituent such as bromine, chlorine, or iodine. 
The work herein described embodies the preparation of a substituted 
phenylbutadiene, p-nitrophenylbutadiene. The preparation of this compound 
has not been recorded in the literature. 
At the outset, it was the desire of this Department that either o - 
or p-nitrophenylbutadiene be synthesized and studied. In this work the syn¬ 
thesis of one of the desired dienes was attempted by several methods, two of 
which proved successful. 
Bachman and Hoaglin^ synthesized dienes through the corresponding diene 
carboxylic acids. Using the Adkins - Connor^ decarboxylation catalyst (cop¬ 
per chromite) they decarboxylated, for example, l-(o-nitrophenyl)-U-phenyl- 
1,3- butadiene -2- carboxylic acid to l-(o-nitrophenyl)-U-phenyl-l,3 - buta¬ 
diene in seventy-five percent yield. 
o-Nitrocinnamylacrylic acid was prepared, by a method similar to that 
described by Doebner^ for the preparation of cinnamylacrylic acid, and 
^"Bachman and Koaglin, J. Qrg. Chem., 8, 300 (19U3)* 
2 
Adkins and Connor, J. Am. Chem. Soc., 33, 1092 (1931). 
and 
**Doebner, Ber., 33, 2137 (1902). 
1 
2 
efforts were made to decarboxylate it to o-nitrophenylbutadiene. The decar¬ 
this procedure failed, it was altered slightly but the carboxyl group re¬ 
mained unremoved. Due to the failure of this and other methods to decar¬ 
boxylate the acid, the expected o-nitrophenylbutadiene was not isolated, and 
the decarboxylation of the acid was set aside for later study. 
The reduction of a ketone to the corresponding alchol, to be followed 
by dehydration of the alcohol to get the desired diene compound, was then 
considered as another possibility. It was believed that the reduction of 
p-nitrobenzalacetone to the alcohol and then dehydration of the alcohol 
would yield p-nitrophenylbutadiene. 
One would expect the carbonyl group in <*jjj-unsaturated aromatic ketones, 
benzyUdene acetone for example, to be readily reduced to the corresponding 
alcohol: 
However, Thiele and his collaborators showed that reduction took place as 
indicated by this equations 
boxylation catalyst was prepared as directed by Adkins and Connor^ and the 
procedure of Bachman and Hoaglin^ for decarboxylation was followed. After 
+ H, 2 
The formation of this substance was explained, however, in terms of Thiefe's^ 
theory, by supposing that the primary reaction was 1-U addition: 
U, 'Op. cit. 
Op. cit. 
Annalen der Qhemie, 305, 87 (1899). 
3 
to 
C6H^Çto ;=CH-C=Ç + H, 
ÇH3 QH3 
•C6H^ÇH=CH-C=Ç > ÇH-Ç-Q H 
H fi 
and that this is followed by the immediate rearrangement of the unstable 
enol into the corresponding tautomeric ketone, viz., benzylacetone 
C6II^CH2CH2GOCH3. 
The latter being the more stable modification, formed the main product of 
the reaction. In this way it was easy to understand why the carbonyl group, 
which usually reduces so readily, failed in this case to give the unsaturated 
7 
alcohol. 
It has been shown that reduction of benzylideneacetone with sodium a- 
malgam formed a product which was the result of the tying up of two molecules 
O 
of the ketone according to the following equation: 
C^He.GH.CHo .CO.CH-3 
C5H5.GH.CH2.CO.Ch3. 
9 10 11 1? 11 
In recent years many workers'9 9 ,,Jhave studied the reduction of 
aromatic ketones and aldehydes with aluminum alkoxides (The Meerwein-Ponndorf- 
2 C5H5.CH.CH.CO.CH3 Na Hg 
F. Henrich, "Theories of Organic Chemistry," John Wiley and Sons, Inc., 
New York, 1922, p. fiO. 
%ouben-Weyl, vol. 2, p. 1fifi. 
^Bachman and Struve, J. Org. Chem., U, U6l (1939). 
^Young, Hartung, and Crossley, J. Am. Chem. Soc., 58, 100 (1936). 
11 
Grubb and Read, J. Chem. Soc., 2fi2 (193U). 
12Lund, Ber., 70, 1520 (1937). 
13 
Adkins and Cox, J. Am. Chem. Soc., 60, 115l (1938). 
h 
Veley Reduction). In a survey published in 19 UU, Wilds^ reported that more 
than one hundred aromatic ketones had been successfully reduced by this meth¬ 
od. He stated that Adkins and Robinson, through a private communication, re¬ 
vealed that they had reduced benzalacetone to the carbinol in fifty-five per¬ 
cent yield, through the use of aluminum isopropoxide. This led us to be¬ 
lieve that p-nitrobenzalacetone could be reduced in a like manner. He fur¬ 
ther stated that in some cases the alcohol formed was immediately dehydrated 
to form the corresponding hydrocarbon. It has generally been shown that the 
aluminum alkoxides are specific for the carbonyl group; they reduce neither 
the carbon-carbon double bond nor the nitro group. 
he then, using Eastman G. P. aluminum isopropoxide, attempted to reduce 
p-nitrobenzalacetone (prepared by the method described by Drewson^) to get 
corresponding alcohol, with the intention of dehydrating the alcohol to get 
the nitrohydrocarbon. It was interesting to observe that under carefully 
controlled experimental conditions the compound was not reduced; the melting 
point of the product was identical with that of the original ketone. 
Thought was then given to the coupling of vinylacrylic acid with p- 
nitroaniline as a probable means of obtaining p-nitrophenylbutadiene. 
The discovery of the reaction called diazotization, by Griess^ in 
"17 1858, led chemists, at least as early as 1897, 1 to investigate diazonium 
reactions. Since that time several investigators have studied coupling re¬ 
actions of diazonium salts, contributing bit by bit to the general fund of 
Hi 
ü. L. Wilds, "Organic Reactions," Vol. II, Roger Adams, Editor-in- 
Chief, John Wiley and Sons, Inc., hew York, 19UU, p. 178-223. 
"^Drewson, Ber., 16, 19E>U (I883). 
^Hill and Kelley, "Organic Chemistry," the Blakiston Co., Philadelohia, 
19U3, P- 591. 
"^Goldschmidt, Ber., 30, 670 (1897). 
5 
information concerning the reaction already in the hands of the organic chem¬ 
ist. To mention a few who recently have made investigations: Conant and 
Petersonxo have shown that the rate of the coupling reaction is a function 
of the hydrogen-ion activity of the solution; Veley^ gnd associates, that 
the active material is the free base liberated by hydrolysis of its hydro¬ 
chloride; and from a study of a number of examples, Meerwein^ and his co¬ 
workers concluded that the coupling of diazonium salts with - unsaturated 
compounds led to the attachment of an aryl group to an of - carbon atom, nev¬ 
ertheless, the only products whose structures they rigorously proved were 
those derived from - unsaturated compounds already arylated in the J - 
position. 
21 
It was believed by Koelsch that because such coupling reactions of 
22 
diazonium salts probably involved free aryl radicals and because nitroben- 
zene reacts readily and leads to o- and p-nitrobiphenyls, J it appeared pos¬ 
sible that steric factors might be more important than the direction of po¬ 
larization of the o’»,/ - unsaturation in determining the carbon atom to which 
the aryl group became attached. He then studied the behaviors of acryloni¬ 
trile and of methyl acrylate towards diazonium salts, and found that these 
substances couple readily, and that in every case the product is formed 
through the union of an aryl group with the j? - carbon. Koelsch, after 
1 R 
Conant and Peterson, J. Am. Chem. Soc., $2, 1220 (1930). 
19Veley, J. Chem. 3oc., 95, 1186 (1909). 
2°Meerwein, Buchner and van Bmster, J. prakt. Chem. 152, 237 (1939). 
21C. F. Koelsch, J. Am. Chem. Soc., 65, 57 (191*3). 
22 
Haworth, Heilbron and Hey, J. Chem. Soc., 372 (19U0). 
^France, Heilbron and Hey, J. Chem. Soc., 369 (19U0). 
6 
preparing 1, U-diphenylbutadiene by coupling cinnamylacetic acid with ben- 
zenediazonium chloride, and 1-phenylpentadiene -1,3 by coupling benzenedia- 
zoniura chloride and sorbic acid, concluded that the volume occupied by the 
group on the 0 - carbon atom of the unsaturated compound is not a factor in 
determining the point of entry of the aryl group. A methyl group occupies 
at least as large a portion of the spæe in the immediate vicinity of the 
§ - carbon atom as does a vinyl group, yet crotonic acid and its derivatives 
undergo 0 - coupling, whereas ci - coupling takes place with vinyl compounds 
studied so far.^U 
The following mechanism is offered by Koelsch^ for the products obtain¬ 
ed: 
4 CH-jCOO- C6H3N=KGCOCH3 > 
C6H£- 4 N2 4- CH3GOO (1) 
C6H^' 4 RCH=CHR' » G6H^GHR-C-HR' (I) (2) 
(I) 4 Cu++ » Cu* 4- C6H^CHR-€
+HR/ (II) (3) 
Cu+ 4 CH-jCOO' *'Gu* ■+• CHjCOO" (3a) 
( II) 4 Cl-   » C6H^CHR-CHGIR' (U) 
(II) ? H4" 4 C6H^GR GHRX (Ua) 
Equation (1) shows the function of the buffer; the diazonium salt can¬ 
not, but the homopolar diazoacetate can decompose easily into a free phenyl 
radical. Equation (2) represents the "electron-pairing"^' attack of the 
^Koelsch and Bokelheide, J. Am. Ghem. Soc., 66, Ul2 (19UU). 
25, Ibid. 
26, 
Hey, Ann. Rep. Ghem. Soc., 27, 280 (19U0). 
27 
Remick, "Electronic Interpretations of Organic Chemistry," John Wiley 
and Sons, Inc., Hew York, 19U3> p. 2^9. 
7 
free phenyl radical on the unsaturated compound. The structure of (I) is 
pO 
determined by considerations analagous to those advanced by Mayo and Walling 
to account for the orientations observed in Kharasch's peroxide directed 
addition of hydrogen bromide to olefins; coupling takes place to yield the 
more stable of the two possible products. If R is saturated and R' contains 
OO (or C=N), the free radical (I) will be stabilized by resonance of the 
odd electron into R1. But if R is phenyl or vinyl, the more stable free 
radical (i) will be the one with the odd electron on the carbon attached 
to R, 7 since the resonance in the more symmetrical system C-O-C- will be 
greater than the resonance. C—<5=0. Equations (3) and (3a) show the function 
of the cupric salt, while equations (H) and (Ha) indicate how two character¬ 
istic products of the reaction are formed. It is of some interest that if 
in (II) R is COOH and <*■ - coupling has taken place (e.g., cinnamic acid, 
cinnamalacetic acid and sorbic acid), then decarboxylation of (II) follows, 
as would be predicted; whereas if in (II) R' is COOH and $ - coupling has 
taken place (e.g., crotonic acid), then the ion (II) retains the carboxyl 
group and acquires an ion (Cl~ ), again as would be predicted. 
The foregoing equations do not show all of the processes involved in 
the reaction. For example, the rate of nitrogen evolution from a reaction 
mixture is highly dependent on the particular unsaturated compound used, 
and this must indicate that a complex is formed between the unsaturated com¬ 
pound and a nitrogen - containing reactant. However, the structure of this 
complex cannot now be determined. Furthermore, the yields of pure products 
po 
Mayo and Walling, Chem. Rev., 27, 3£L (19U0). 
29 
Michael, J. Qrg. Chem., H, 128 (1939). 
8 
have, so far, always been low; the by-products are non-volatile tarry sub¬ 
stances . 
Following a procedure which was similar to the one described by Berg- 
mann and Weinberg3° for the preparation of p-nitrophenylphenylbutadiene, we 
isolated p-nitrophenylbutadiene from the coupling reaction of p-nitroaniline 
with vinylacrylic acid. The p-nitrophenylbutadiene, obtained in low yield, 
was identified by its absorption of bromine, by combustion analysis for car¬ 
bon, hydrogen, and nitrogen, and by the preparation and combustion analysis 
of its Diels and Alder derivative. 
Still another route to the p-nitrophenylbutadiene seemed to be through 
the removal of bromine from p-nitrophenyltetrabromobutane. Many investiga¬ 
tions of the reactions of organic chlorides with metallic iodides in acetone, 
particularly the iodides of sodium and potassium, have been carried out by 
Conant and Kimer.^ Similarly, the reactions of organic bromides with so¬ 
dium iodide in acetone have been studied by Davis and Heggie.-^ The general 
reaction was apparently first used by Perkin,33 ydio obtained coumarine from 
its dibromide by the action of potassium iodide. Since that time it has come 
to supply one of the standard methods by which the organic chemist is accus¬ 
tomed to prepare ethylene derivatives. 
By adding a mixture of sulfuric acid and nitric acid to a suspension 
of phenyltetrabromobutane in sulfuric acid, phenyltetrabromobutane was ni¬ 
trated directly. The direct nitration of the tetrabromide was also attempted 
30 
Bergmann and Weinberg, J. Org. Chem., 6, 138 (19ÜL). 
31 
Conant and Kimer, J. Am. Chem. Soc., U6, U32 (192U). 
32 
Davis and Heggie, J. Org. Chem., 2, U70 (1937). 
33 
Perkin, J. Chem. Soc,, 2h, U37 (1871). 
9 
by adding a mixture of sulfuric acid and nitric acid to a solution of the 
tetrabromide in acetic acid, but a sticky resinous product was obtained 
which we did not attempt to work up. The four atoms of bromine were re¬ 
placed by four iodine atoms by the action of potassium iodide in acetone 
solution. Upon removal of the iodine the p-nitrophenylbutadiene was isola¬ 
ted. It was identified by combustion analyses for carbon and hydrogen, com¬ 
bustion analyses of its Diels - Alder derivative, by determination of the 
melting point when mixed with p-nitrophenylbutadiene prepared from p-nitro- 
aniline and vinyl acrylic acid, and by molecular weight determination. 
CHAPTER II 
EXPERIMENTAL 
o-Nitrocinnamylacrylic acid.—o-Nitrocinnamaldehyde (90g.), pyridine 
(78 ml.), and malonic acid (8lg.) were heated together for six hours on a 
water bath under a reflux condenser. The product was added to an ice-cold 
dilute solution of sulfuric acid. A yellow oil was obtained which soon 
changed to a grayish cheese-like precipitate which was collected on a suc¬ 
tion filter. Crystals of the acid were precipitated and recrystallized from 
a small amount of glacial acetic acid and then from alcohol. The pale yel- 
o 
low needles melted at 221 . 
Anal. Calcd. for C^H^ OjN: N, 6.11. Found: N, 6.09; 6.13 
,0 /*'■
N*0, 




p-Nitrophenylbutadiene.—p-Hitroaniline (29g.) was suspended in 170 
ml. of 12% hydrochloric acid and diazotized at 0°with lUg. of sodium ni¬ 
trite in 35 ml. of water. The diazo solution was added dropwise with shak¬ 
ing to vinyl acrylic acid (20 g.) in 230 ml. of acetone. Then cupric chlo¬ 
ride (12g.) and sodium acetate (08g.) in 95 ml. of water were added. After 
O o 
stirring for one hour at 0 - 15 the reaction mixture was distilled with 
steam until the distillate became clear. The non-volatile residue was taken 
up in ether, washed with dilute sodium hydroxide, distilled water, dilute 
10 
11 
hydrochloric acid, and again with distilled water. The ethereal solution 
was dried over anhydrous calcium sulfate and the ether removed by distilla¬ 
tion on a water-bath. After three crystalizations from petroleum ether the 
o 
yellow crystals melted at 77 • 
The yield, calculated on the basis of the vinylacrylic acid was 18$. 
Anal. Calcd for CtoHgOAK: C, 68.65; H, 5.1U; N, 8.02. Found: C, 68. 
5U; H, 5.13; N, 8.03. 
Na NO?. Cu Gl? 
~CHlCÛ0Na > 
4- co2 . 
Reaction of p-nitrophenylbutadiene prepared above with maleic anhydride. 
—A maleic anhydride derivative of p-nitrophenylbutadiene was made by reflux¬ 
ing equimolar quantities of the two compounds in dry thiophene-free benzene 
for 8-10 hours. The solid crystallized from the codied solution in 95$ 
yield, as white needles, melting at lli3 °. 













Nitration of pherrftbetrabromobutane.—Phenyltetrabromobutane (12g.) 
was suspended in 50 ml. of ice-cold cone, sulfuric acid. To this suspen¬ 
sion was added dropwise and with constant stirring an ice-cold mixture of 
cone, nitric acid (12.lg.) and cone, sulfuric acid (12.1g.). After all had 
o . ° 
been added, the mixture was kept at o - 5 for two hours and then allowed 
to warm up to room temperature. The nitrated product separated as a tan 
cheese-like precipitate and was recrystallized once from low-boiling petro¬ 
leum ether. 
p-Nitrophenylbutadiene.—p-Nitrophenyletratbromobutane (7g.) was dis¬ 
solved in 35 ml. of absolute acetone surrounded by an ice-bath. To this 
solution was added dropwise and with constant shaking an ice-cold solution 
of 2U.g* of sodium iodide in 100 ml. of absolute acetone. The mixture was 
placed in the dark and allowed to stand for 200 hours. At the end of this 
time the bromine had been replaced by iodine and the iodine had split off, 
imparting its color to the solution. The iodine was removed with a solution 
of sodium thiosulfate in distilled water. The solution was then extracted 
with ether, the ethereal solution washed and then dried over anhydrous so¬ 
dium sulfate, and the ether removed by evaporation on a water bath. The pale 
yellow crystals of p-nitrophenylbutadiene were recrystallized from petroleum 
o 
ether and melted at 77 • The yield, calculated on the basis of the p-nitro- 
phenyltetrabromobutane was 21%. The melting point of a mixture of p-nitro¬ 
phenylbutadiene prepared in this manner and that prepared from the reaction 
o 




_> 02N-Ç + UNaBr 
dark . OoN-^ \-C=5-C=C-H + 2 Ij 
ÜÔO Hrs.  ' 
standing 
Diels-Alder derivative of p-nitrophenylbutadiene prepared from p-nitro- 
phenyltetrabromobutane.—A maleic anhydride derivative of p-nitrophenylbuta¬ 
diene was made by refluxing equimolar quantities of the two compounds in dry 
thiophene-free-benzene. The solid crystallized from the cooled solution and 
o 
melted at 1U3 • A mixture of this derivative and the maleic anhydride de¬ 
rivative of p-nitrophenylbutadiene made from p-nitroaniline and vinylacrylic 
acid melted at 1U3 • 
The molecular weight determination of p-nitrophenylbutadiene.—The mole¬ 
cular weight of p-nitrophenylbutadiene was determined by the method of Rast,3^ 
described by Neiderl and Neiderl.Calculated: 175>J found: 17U.3, 17ii.l. 
3l+Rast, K., Ber., 1051, 3727 (1922). 
^Neiderl and Neiderl, "Organic 
and Sons, New York, 19li2, p. 217. 
39 
Quantitative Microanalysis," John Wiley 
CHAPTER III 
SUMMARY 
1. Several attempts to decarboxylate p-nitrocinnamyl acrylic acid 
to o-nitrophenylbutadiene failed. 
2. p-Nitrobenzalacetone was not reduced to the corresponding alco¬ 
hol by aluminum isopropoxide. 
3. p-Nitrophenylbutadiene was prepared in 18$ yield by the coupling 
reaction between vinylacrylic acid and p-nitroaniline. 
U. p-Nitrophenylbutadiene was prepared by the conversion of p-nitro- 
phenyltetrabromobutane to p-nitrophenyltetraiodobutane followed by removal 
of the iodine. 
3. p-Nitrophenylbutadiene readily condensed with maleic anhydride. 
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